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I NTRODUCTifJN PURPOSE AND SCOPE OF REPORT
There are about 80#000 acres of irrigable land in the south-central part of Twin Falls County# Idaho# of which about 50#000 is largely undeveloped. Most of this land was included in the original project of the Salmon River Canal Co. A small part of the acreage is at a higher elevation than the surface-water supply for the project. Owing to insufficient runoff in Salmon Falls Creek and to water losses from the reservoir and canals# the acreage in the project has been reduced until as of 1959 only about 30#000 acres received water through the distribution system. Some of the irrigated land receives an insufficient water supply for full economic development. To supplement the present water supply and to supply additional land# more water is needed than is available from surface-water sources within the area.
This investigation was made to estimate the amount# availability# source# and direction of movement of ground water in the area, to establish whether the ground-water body is tributary to the Snake River, and .to consider the possibility of its use to supplement the surface-water supply for irrigation in the area. It was made in cooperation with the U.S. Bureau of Reclamation as part of their comprehensive study and evaluation of undeveloped land and water resources of the upper and middle Snake River basin.
The canvassing of all wells in the area was completed in the spring of 1957 and depth-to'water measurements were made in 71 wells. The altitude of the measuring points at about 75 wells was established by third-order spirit leveling by the U.S. Bureau of Reclamation. A few altitudes were established by alti:q1eter surveys# and locally# where more exact data were not available, reported depths to water from canal company records and altitudes interpolated from topographic maps (corrected to sea-level datum) furnished by the canal company were used. The location of wells are shown on plate 1. Records of wells canvasseC:f are given in. a separate report (Fowler# 1960) . Geologic information yvas interpreted from logs of wells furnished by drillers and well owners# supplemented by a reconnai.ssance of the area by the author.
LOCATION AND -EXTENT OF mE AREA
The Salmon Falls area is on the Snake River Plain in Twin Falls County, Id_ aho. It incl\ldes all or parts of Ts. 10-14 S., Rs. 14-17 E., of the Boise base line and meridian ( fig. 1 ). It is bordered by Salmon Falls Creek on the west aru:t-'-hy the Rock Creek Hills (also known as the South Hills and as the Cassia Mountains) on the e~~t and southeast. The northern boundary is arbitrarily defined at the High Line Canal of the ,Twin Falls Canal Co.
ACKNOWLEDGMENTS
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WELL-NUMBERING SYSTEM
The well-numbering system used in Idaho by ·the U.S. Geological Survey indicates the location of wells within the official rectangular subdivisions of the ( fig. 2 ). The first two segments of a well number designate the township and range. The third segment gives the section number, followed by two letters and a numeral, which indicate, in order, the quarter section, the 40-acre tract, and the serial number of the well within the tract. Quarter sections are lettered a, b, c, and d in counterclockwise order, beginning with the northeast quarter . of the section. Within the quarter sections, 40-acre tracts are lettered in the same manner. Well i1&-15E-1ad1, for example, is in the SE1/4NE1/4 sec. 1, T. 11 S., R. 15 E., and is the first well visited in that 40-acre tract.
GEOGRAPHIC SETTING

SURFACE FEATURES AND DRAINAGE
The land surface of the Salmon Falls area is a gently rolling plain which slopes generally northward toward the Snake River. Altitudes range from about 5,200 feet above mean sea level in the southern part of the area to about 4,100 feet at the northern end near the High Line Canal of the Twin Falls Canal Co. The surface of the plain is broken by shallow drainage ways and by small volcanic hills which rise a few hundred feet above the general land surface.
Salmon Falls
Creek, which forms the western boundary of the area, has cut a deep narrow canyon as much as 400 feet below the general surface of the plain. It is the only perennial stream in the area and is the prin-Cipal source of surface water for irrigation. Desert Creek and Deep Creek are ephemeral streams which cross the area in a northerly direction and are tributary to the Snake River. Several small ephemeral streams flow onto the area from the Rock Creek Hills which adjoin the area on the east, but their flow is so small that their channels are not well de-fined and at many places have been completely obliterated by cultivation. They are tributary to Deep Creek and Desert Creek.
CLIMATE
The climate of the Salmon Falls area, like most of the Snake River Plain, is semiarid, being warm in summer and moderately cold in winter. The mean annual precipitation at Hollister is 9.35 inches, of which about 20 percent falls during the growing season from April to October. The precipitation at higher elevations in the Rock Creek Hills and in the upper part of the Salmon Falls Creek basin inNevada is considerably.greater. It is estimated that the average annual precipitation on about 1,980 square miles of contributing drainage area is about 13 inches ( fig. 3 ). The mean annual temperature at H~llister is 47.6°F. The growing season is comparatively short and the irrigation season on the Salmon Falls project ranges from 80 to 130 d,ays and averages about 110.
LAND USE AND AGRIC{JL TURAL DEVELOPMENT
About ·30,000 acres is irrigated through the distribution system of the Salmon River Canal Co. A small area, less than 100 acres, in the southeast corner of the area is irrigated by surface water diverted from Deep Creek. Water from Cottonwood Creek is used to irrigate some land adjacent to the northeast corner of the area. Ground water pumped for irrigation is use_ d mostly for supplementing the surface-water supply. The principal irrigated crops are alfalfa and clover, seed . crops,.beans, and peas. A few hundred acres, mostly at higher elevations near the Rock Creek Hills, produces grain without irrigation.
Most of the remaining 50,000 acres of irrigable land is uncultivated and is used only for grazing. Sagebrush and other desert plants are the predominant forms of vegetation, except in areas where the U.S. Bureau of Land Management has planted range grasses to improve the grazing value of the land. 
GEOLOGIC FORMATIONS AND THEIR WATER-.· BEARING CHARACTER
The geology of the area was not studied in detail; however, logs of wells and a reconnaissance of .surface features and exposed formations in the canyon of Salmon Falls Creek give the generalized geologic setting (pl. 1).. The rocks consist of volcanic and sedimentary strata of various types which range from nearly impermeable to moderately permeable.
YOUNGER ALLUVIUM AND WINDBLOWN DEPOSITS
Alluvium and windblown deposits of Recent age mantle most of the area; however, they were not mapped in detail and, hence, are not indicated on plate 1. The windblown deposits, which consist of fine sand and silt, range in thickness from a few inches to several feet. They are above the zone of saturation and therefore are not water bearing, but they transmit precipitation and unconsumed irrigation water to the underlying formations.
The alluvium in the broad flat portion of Deep Creek valley extends northwestward through the western part of the area; ·it contains some clay but ~onsists mostly of sand and gravel composed of silicic volcanic rocks that were eroded from the hills to the east and southeast. The alluvium is moderately permeable, and in a small area southwest of Hollister where ground water occurs at shallow depth it yields water in sufficient quantity for domestic and stock supplies.
SNAKE RIVER BASALT
Most of the area is underlain by Snake River basalt of Pliocene to Recent age. The basalt consists of many flow shee. ts ranging in thickness from a few to several tens of feet. At some places the flow sheets are separated by lenses of windblown or water-laid sedimentary material. The weathered and eroded surfaces of some layers indicate that an appreciable length of time elapsed between extrusion of some of th~ flows. Much of the basalt is somewhat similar to the weathered Banbury basalt and other older basalt flmys found at some places in the Snake River Plain, and appears to be considerably less permeable than most of the Snake River basalt.
Joints, fractures, apd openings between successive ·flows, and lenses of permeable _ sediments between flows yield moderate to large quantities of water to wells where they are saturated.
Between joints and interflow layers the basalt is relatively impermeable. On the whole, the transmissibility .of the basalt aquifer in this area is much less than at most other places on the Snake River Plain. The size of the joints and the contact openings between flows become progres.sively smaller with depth so _that where the depth to water is several hundred feet the basalt yields little water to wells. Most of the domestic, irrigation and stock wells in the area produce wat~r from the basalt or from the intercalated sed~ments, and at some places . where the depth to water is moderate, . their. yield is adequate.
OLDER ALLUVIUM Some wells in the area have been drilled through the Snake River basalt into sedimentary strata consisting of silt, clay, sand, and gravel of Pliocene(?) age (referred to i_n some driller's logs as" old lake bed deposits"). The strata are probably equivalent to the Idaho formation. This formation occurs in most places below the zone of saturation and thus is water bearing. It is the main source of water for several domestic, stock, and smaller irrigation wells, but because of its comparatively low permeability, it yields water in quantities too small for extensive irrigation use.
SILICIC VOLCANIC ROCKS
Silicic volcanic rocks of Tertiary age underlie the Snake River basalt and older aUuvium throughout most of the area and are exposed at some places in the canyon of Salmon Falls Creek and in the Rock Creek Hills. They range from glassy to porphyritic in texture f!.nd from black to red and light gray in color, and are usually mas;siye~ The rocks are commonly called rhyolite but they include much latite as well as other silicic volcanic rocks. The transmissibility of these rocks at most places is probably-very low, but at some places the rocks · contain joints and other fractures which transmit moderate quantities of water.
The deepest well in the area, 14&-16E-16ba1, is 1,210 feet deep. The driller's log for the lowermost 304 feet shows silicic volcanic rocks intercalated with fine sediments or altered silicic rocks. Ac:cording to _the owner, the well was tested at several de-:-ths and no significant increase in yield was obtained after the well entered the silicic volcanic rocks. Unfortunately no record was kept of the tests, except for the final one which shows a specific capacity of 3.2 gpm (gallons per minute) per foot of d:r;awdown. In another part of the area, well 13&-17E-6bc2 is reported to be 600 feet deep and was drilled for almost the total depth in solid rock that is probably silicic volcanic rock. Water under artesian pressure was encountered in what was described as a crevice in the rock. The combined flow of this well and another one nearby reportedly was about 2·, 700 gpm for a few years after they were drilled in 1903. Well 13&-15E-12bcl also taps silicic volcanic rock. The yield of this well was increased 30 percent by drilling 100 feet into the silicic rock to a total ·depth of 550 feet. These data suggest that the silicic volcanic rocks have a wide range in yield; however, the silicic rock in many parts of the area has not been . tested.
GROUND WATER
SOURCE AND OCCURRENCE
Ground water in the Salmon Falls area is derived from precipitation on the area, from seepage loss from streams, canals,· and reservoirs, from percolation from irrigated tracts, and from ground-water underflow from adjoining areas to the south and east. In general the direction of ground-water movement is to the north and northwest toward the Snake River, which serves as a base level for ground water in all of southern Idaho. Much of the ground water enters the area from the Salmon River Canal Co. reservoir and from areas of , higher elevation to the south and east. The general slope of the water table in parts of the area for which data are available is shown on plate 1.
In some parts of the area, perched water is encountered above the main water table, and the scanty data· suggest that at some places there may be more than one perched water table. Nevertheless, by careful study of well logs and hydrologic data, wells were selected in which the water levels were believed to represent the · main water table. These water levels were used to construct the wat~r-table map (pl. 1). Although, because of sparseness of the data, the map may be inaccurate in some places, it does give a generalized picture of the position and gradient o! the water table and the direction qf ground-water movement. The apparent slope of the water table ranges from about 200 feet per mile in some places in the southeast corner of the area to less than 50 feet per mile in the northern part. The generally northwesterly slope of the water table is locally modified in four areas:
1. In the southwest corner of the area, the water table is built up by leakage from the Salmon River Canal Co. reservoir.
2. Between Rogerson and the north end of the reservoir, there is a very pronounced . trough in the water table which indicates a zone of higher transmissibility extending northward.
• . A high on the water table in an area extending north and northwest from the Rock
Creek Htlls, between Rogerson and Hollister may be built up by leakage from artesian aquifers, by seepage loss from the main canal of the Salmon River Canal Co., and by infiltration of surface runoff in Deep Creek. At the west edge of this ground-water high, the water table drops off steeply and the contours swing sharply to the south, in a direction toward the contours on the east side of the trough between Rogerson and the reservoir. It is apparent that the trough is some,what west of this area and extends in a direction ·slightly west of north. 4. At the north end of the area near the High Line Canal of the Twin Falls Canal Co., the water table has an apparent reversal in slope which may be due to a buildup of the water table from leakage from the High Line Canal and from infiltration of excess irrigation water or it may be due to a perched water table from the same sourc·e. However, wells used in defining the water table in this area range to 500 feet in depth, and water levels in the deeper wells are at about the same altitude as in the shallower ones; these facts suggest that the water table mapped is the regional water tal;>le.
Salmon Falls
Creek, which forms the western boundary of the area, has cut a deep narrow canyon as much as 400 feet below the general surface of_ the plain. Except for a reach of about 3 miles at the mouth, shown on the Thousand Springs quadrangle map, the altitude of the canyon bottom is known only at three points. At the foot of the Salmon River Canal Co. dam it is about 4,&20 feet. At Roseworth crossing in sec. 19, T. 11 S., R. 14 E., and at Castleford crossing in sec. 20, T. 10 S., R. 13 E., there are U.S. G. S. bench marks at 3,672 and at 3',429 feet altitudes. Although there are no wells to define the altitude of the water table near the canyon rim, it is apparent that the canyon floor is considerably below the level of the water table where it has been defined 5 to 10 miles to the east. Thus it would be expected that Salmon Falls Creek would serve as a major ground-:water drain in the area. Sept. 1957 __ 11.0 11.5 .5
The discharge measurements in the table above indicate that very little ground water is discharged into the creek from the Salmon Falls area between the Salmon River Canal Co. dam and the Roseworth crossing. · Although a small amount of ground water may leave the area as underflow in the Salmon Falls Creek Canyon and another small amount may contribute to the flow of Salmon Falls Creek, it is apparent that most of the ground water leaves the area . by some route other than the canyon of Salmon Falls Creek.
There are two possible routes for groundwater flow through and out of the Salmon Falls area other than by way of Salmon Falls Creek. These are (a) northwestward beneath the canyon of Salmon Falls Creek, or (b) northward, generally parallel to, ana east of Salmon Falls Creek canyon.
For several miles upstream from the Roseworth crossing, basalt extends to the bottom of the canyon. It is not known whether this basalt is part of. the younger, more permeable Snake River basalt, or whether it is older, less permeable basalt, correlative with the Banbury basalt. Thus the basalt may serve as a conduit beneath the canyon in this reach. However, silicic volcanic rocks, and sedimentary strata of the· Idaho and Payette formations, crop 01;1t in a broad belt extending many miles south and west from the vicinity of Castleford crossing. The position of these rocks is such that any postulated conduit which might cross beneath the canyon upstream from Roseworth.would have to recross or return to the canyon upstream from Castleford crossing. Examination of this reach of the canyon discloses that although there is a large gain in streamflow-in the reach, all or nearly all is from irrigation of the Twin Falls tract on the east side of the canyon. Furthermore, the scanty data available from wells on the west side of the canyon indicate that the water table is h,igher than the floor of the canyon throughout the reach upstream from Castleford crossing. Thus it appears unlikely that ground water moves westward or northwestward beneath Salmon Falls Creek canyon.
It is concluded, therefore, that underflow from the Salmon Falls area moves in a direction somewhat west of north, a few miles east of Salmon Falls Creek, and discharges either into Salmon Falls Creek downstream from Roseworth crossing or into the Snake River, or into both. It seems likely that most of the ground water beneath the Salmon Falls area is prevented from discharging into the nearby parallel canyon by some barrier. The nature of this postulated barrier is not known, b:ut there is evidence to suggest that faulting and canyon filling may be the explanation. Many topographic and drainage features are alined in a northwesterly direction. Some or most o-f these features appear to be fault traces which aline with faults shown farther north on the geologic map of the State (Ross and Forrester, 1947) . The courses of Salmon Falls and Deep Creeks probably were · determined, at least in part, by such fau'lts.
There also is evidence of former canyons,now filled or partly filled, that must have led northward to the Snake River. These canyons were cut in older, less permeable rocks and were filled with the younger, more permeable basalt flows. Stearns (1935, p. 85) described two such canyons now partly exposed in the present Salmon Falls Creek canyon. The troughlike shape of the water table (pl. 1) west of Rogerson and Hollister suggests flow in sorpe sort of permeable channel. Whether this iS' a filled canyon, and if so, whether it was cut by an ancestral Salmon Falls Creek or Deep Creek are not known, nor is · the course of the possible conduit known. However, if the mounds on the water table shown in th~ vicinity of the High Line Canal represent the regional water table, than one possible location would be northwestward roughly parallel to Salmon Falls Creek and 4 or 5 miles to the east. Another possible location would be west of the Twin Falls Municipal Airport, and would leave the area near the corner of Ts. 10 and 11 S. and Rs. 16 and 17 E.
DEVELOPMENT AND UTILIZATION
Ground water in the area is used for domestic and stock purposes, and for supplemental irrigation. Although ground water has not been used extensively for irrigation, the major part of all ground-water with-draw·als probably is used for irrigation.
Approximately 2,000 acre-feet of-ground water was pumped in 1957 from 6 irrigation wells, according to reported yields and lel)gth of pumping season, Two of the most productive irrigation wells in the · area are 14s-15E-2ldb1 and 28aal. These wells in effect re,claim water that is lost by seepage from the Salmon River Canal Co. reservoir, the only other source being underflow from the south. Prospects are good for some further development of ground water in this part of the area, but the quantity that might be developed is not known.
Another large-producing irrigation well is 11s-16E-2ddl. The availability of water in this part of the area may be due partly to the proximity of the High Line Canal and the project of the Twin Falls Canal Co. It is not known how much ground water is available for possible extension of irrigation development-in this part of the '.area. In 1958, irri-.gation well 12s-17E-18dd2 reportedly was pumped at a rate of about 2,500 gpm with a drawdown of 45 feet. The depth to water, both static and pumping. , is an important economic consideration in the utilization of a ground-water supply. Extrapolation of the water levels from the water-table map (pl. 1) and comparison with the small scale ·contour maps available suggest that in a large part of the we~tern half of the area -the depth to water is more than 500 feet. In th~tral part of the area be-.
tween Hollister and Berger the depths to water in wells range from about 300 to 600 feet. In most of the area where wells are in use, the depths to water are between 100 and 400 feet. In a few places water is found at shallow depth. Depths to water of less than 100 feet occur in most ofT. 13 S., R. 16 E., which lies south of Hollister, in the area be~ tween Hollister and the Rock Creek Hills where · some artesian wells are located, in some of the small valleys in the southeast corner of the area, and locally along the northern edge of the area, near the Twin Falls Canal Company's High Line Canal.
Data from pumping tests of irrigation wells in the Salmon Falls area made by Layne and Bowler Pump Co., Twin Falls, Idaho, are given in table 1. 1 The specific capacities 2 range from 1.1 to 55 gpm per foot of drawdown; the median is 2 7 and the arithmetic average is 10. The specific capacity of even the most producHve well in the area is not comparable with those of wells drilled in basalt in the main part of the Snake River Plain where specific capacities generally are in the hu~dreds and not uncommonly are more than 1,000 gpm per foot of drawdown.
AMOUNT OF RECHARGE
Ground water in the Salmon Falls area is derived from precipitation on the area, from seepage loss from surface water flowing into the area, and from-ground-water underflow from adjacent areas where the water table is higher than that in the Salmon Falls area. In much of the area it is not possible to evaluate all these sources .separately. Instead, the amounts contributed by specffic areas are estimated.
l Well logs and records of wells in the Salmon Falls area are . given in Fowler (1960) . .
1 The specific capacity of a well is the yield, in gallons . per minute, per foot of drawdown. Specific capacities usually de-·crease with the length of time a well is pumped and change with the rate of pumping; therefore a precise comparison of specific capacities would take in to account these two variables. 
RECHARGE FROM DIRECT PRECIPITATION
The average annual precipitation within the boundary of the area shown on plate 1, about 200,000 acres, is about 10 inches, or approximately 167,000 acre-feet per year. Part of the precipitation runs off from the land surface and is discharged into the Snake River, some is evaporated or is transpired by plants, and some is retained as soil moisture; the residual is available for groundwater recharge. Blaney and Criddle (1949, p. 9 ) estimated that it takes about 6! inches of precipitation annually to sustain the type of sparse vegetation that is native to the area. Six and one-half inches is about 70 percent of the total annual precipitation; part of the remainder is lost by evaporation from the soil or by sublimation of snow.
A correlation of average annual precipitation · and w.1ter yields of drainage basins in southeastern Idaho suggests that 10 inches of precipitation would yield an amount of water equivalent to three-fourths of an inch over 10 270 (Mundorff, oral communication, 1959) . Water yield is defined as the total of both surface and ground water which moves out of a basin by surface runoff and underflow. The surface drainage is poorly developed and on the basis of recharge-rup.off relations in similar areas of the Snake River basin, it is estimated -that about one-half of the yield, or roughly 5,000 acre-feet, becomes ground-water rechq.rge.
RECHARGE FROM UPLAND TO THE EAST AND SOUTHEAST
Deep and Desert Creeks and other small ephemeral streams drain the hills to the east and southeast of the Salmon Falls area. The total amount of recharge derived from that source is unknown. However:, a considerable amount of recharge to the area from that direction is suggested by the 'shallow depth· to water and by the shape of the water-level contours :southeast of Hollister (pl. 1). The average annual precipitation in this bordering area is about 13 t inches ( fig. 3) ". The relation of precipitation to water yield (Mundorff, 1959, oral communication) indicates that this part of the basin should yield about 3 inches of water over the area of about 100 square miles, or a total of 15,000 acre-feet. Be..:. cause there is little or no · through-flowing drainage from the.se hills across the Salmon Falls area, all this yield is considered to be ground-water recharge, either from seepage loss from streams or from underflow from the Rock Creek Hills.
RECHARGE FROM RESERVOIR LOSSES
The reservoir of the Salmon River Canal Co. on Salmon Falls Creek was constructed in 1909 and 1910. Shortly after construction it became apparent that much water was lost through the porous basalt surrounding the reservoir. Attempts were made to reduce these losses by lining the tunnels and by grouting the abutments and other places · of possible leakage near the ·dam. These attempts were only partially successful.
The discharge of Salmon Falls Creek has been measured at a gaging station near San Jacinto, Nev., since 1910. Average discharge f?r the entire period of record through 1957 was 134 cfs (cubic feet per second) or 97,000 acre-feet per year. The gaging station is about 10 miles upstream from the heacl of the reservoir and 20 miles upstream from the dam.
The U.S. Soil Conservation Service (Robert Wagner, written communication, 1956) concluded from its analysis of the published stream-f~ow records for the period October 1938-September 1951 that annual reservoir losses py , ~vaporation _ and percolation were equivalent to 8.,000 acre-feet plus 20 percent of the flow of Salmon Falls Creek at the San Jacinto, Nev., station, plus all the ungaged inflow. The annual average flow of Salmon Falls Creek for the 13-year period considered was 108,000 acre-feet. Only a rough estimate can be made of the contribution from ungaged inflow in that part of the Salmon Falls Creek drainage between the San Jacinto station and the Salmon River Canal Co. dam. The size of the ungaged area (195 square miles), the average precipitation (9.8 inches) estimated from the isohyetal map ( fig. 3) , and the relation of water yield to precipitation previously mentioned indicate that the annual water yield of this part 'of the basin may be about 10,000 acre-feet, all of which is groundwater --recharge either by leakage from the reservqir or by underflow.
Annual evaporation from the reservoir surface ·was estimated by the Soil Conservation Service by computing the average sur.face area of the water fo' r each month of the 13-year period and multiplying this average by the estimated evaporation in inches. The average annual evaporation, it was thus estimated, was 7,800 acre-feet and may well be the constant 8,000 acre-feet mentioned in the Soil Conservation Service's formula for computation of total reservoir loss.
Thus, by the formula of the Soil Conservation Service, annual reservoir losses would be computed and distributed · as follows:
Reservoir Losses
Acre-feet Constant ___________________ _ 20 percent of 108,000 ________ _ Ungaged inflow (estimated)----Total (rounded) __ . : . . ________ _ 8,000 21,600 10,000 40,000
Part of the loss would be accounted for as follows:
Acre-feet
Evaporation-_--__ ---_-_--_-_ Surface outflow (Salmon Falls
Creek, below the dam)-----Total (rounded)------------7,800 7,000 15,000
The difference between these amounts, about 25,000 acre-feet, is presumed to be lost by percolation to the water table.
SEEPAGE LOSS FROM CANALS
As a part of · their seepage-loss study, the Soil Conservation Service made a study of 138 miles of main ·canals and laterals in the distribution system. The Soil Conservation Service concluded that seepage losses were excessive, especially in the upper main canal. According to the report, "Company records show that about half of the water diverted into the canals is lost to seepage." Total annual canal diversions.; as given in Geological ; Survey. water-supply .. _ papers for the 13-year . ,period( 1938-51) used · by .the Soil Conserva.:. tion Service in the analysis of -reservoir losses·, ranged from about 36,000 to 106,000 acre-feet. Average annual diversion during the period was nearly 78,000 acre-feet. Assuming that the water lost by seepage reaches the water table, recharge from this source may have averaged about 40,000. acrefeet per year during the study period.
PERCOLATION FROM IRRIGATION
Assuming that one-half of the water diverted from the reservoir reached the individual farms, the amount of waterthat reached the farms during the 1938-51 period may have averaged nearly 40,000 acre-feet. Because this is a water-short area, water is applied sparingly. Nevertheless, some water inevitably escapes l:!>y percolation from farm ditches and irrigated fields. It is estimated that about one-fourth of the irrigation water is lost by deep percolation. This loss would represe.nt an average increment to ground water from this source of about 10,000 acrefeet.
PO:rENTIAL SUPPLY
The estimated total amount of ground water recharged to aquifers in the Salmon Falls area is shown in table 2. It should be emphasized that, except for losses from the reservoir and from the distribution systerr. of the Salmon River Canal Co., most of the estimates are based on rather tenuous data, and may be considerably in error. Table 2 is intended only to give an indication of the probable magnitude of the recharge. It should be noted that these computations did not take into account the possibility of ground-water underflow past the San Jacinto gage ( fig. 3 ). Presumably some of the precipitation on the Salmon Falls Creek dr~inage Rechar e (acre-feet) 5,000 15,000 25,000 40,000 10,000 100,000 above the gage becomes ground-water underflow and eventually reaches the Salmon Falls . area, but the total amount is not known. The relation of precipitation to the expected yield suggests that surface flow past the gage does not account for--all the water yield_ of the basin. · The infor·!Ilation available from a .few scattered wells in the basin indicates that the aquifers are moderately permeable; thus, underflow is possible. However, because no data are available for direct estimates of its magnihide, the underflow from this part of the area was not considered in estimating the total ground water available for recharge in the Salmon Falls area.
Although the estirpate of about 100,000 acre-feet of ground-water recharge in the area may be in error, the recharge can hardly be less than the total of reservoir leakage, of seepage loss from canals, and of percolation from irrigated land, which averages about ·7o;ooo acre-feet annually.
Use of the precipitation-water yield relation for the entire basin gives a yield of 2t inches over the area of 1,560 square miles above the Salmon River Canal Co~ reservoir dam, or an annual basin yield of more than 200,000 acre-feet. The area below the damwould also contribute some water-probably more than enough to supply the few thousand acre-feet of surface runoff. Annual consumptive use by irrigated crops on t-he Salmon Falls project probably averages about 30,000 a"cre-feet. Thus this method of estimation, which provides a rough check ~n the estimates developed· in this report, indicates that about 170,000 acre-feet are available for ground-water recharge in the Salmon Falls area. 170,000 acre-feet is probably near the maximum · possible amount. The actual amount of water available for ground-. water recharge is somewhere ,between the 70,000 acre-feet minimum and the 170,000 acre-feet maximum; therefore, 100,000 acrefeet seems to be a conservative estimate of the total amount of recharge to, and outflow from, the area.
The preceding estimates were based largely on the period 1938-51, because that was the period . for which the Soil Conservation Service analyzed reservoir losses. However, examination of stream discharge and canal diversion records indicates no changes of consequence between 1951 and 1957, and, accordingly, the estimates may be .co:t:Isidered to represent the water regimen thrO\lgh 1957.
. The average specific capacity of irrigation wells in· the area for which data_ werE} available · was found to be 10 gpm per foot of drawdown; this average indicates a moderately low coeffici~~t of transmissibility. 3 , which may be· roughly 15,000 gpd per foot. The underflow of an aquifer cart be computed . from · the equation Q=TIW , where Q is the quantity of underflow, in gallons per day.
·Tis the coefficient of transmissibility, in gaFons per day per foot.
r. is the hydraulic gradient, in feet per mile.
W is the width of the aquifer, in miles.
In a previous section of the report it was shown _that no appreciable part of the underflow frorh the area re"lfhed or crossed westward beneath the ca'nyon . of Salmon Falls Creek. Therefore, the boundaries of the aquifer are the Rock Creek Hills on the east and s _ ome unknown geologic feature east of Salmon F-alls Creek on the west. The maximum possible aquifer width in an east-west direction 8 miles north of Hollister is about 20 miles and it may be much less. If T=15,000, 1 =50 feet, and W=20 miles in the equation: Q=15,000x50x20 = 15 million gpd or about 17,000 acre-feet per year. This amount is less than 20 percent of the estimated underflow from the area and less than -25 · percent of 70,000 acre-feet, which is believed to be the minimum possible underflow. Thus it seems apparent that the coefficient of transmissibility computed from the average specific capacities of irP-igation wells in the area is much lower than the actual average coefficient of transmissibility of the aquifer. · It seems, therefore, that most of the ground water that leaves ~e area is moving out through some aquifer or part of an aquifer much more permeable than the parts tapped by most of the existing wells. This conclusion further supports the hypothesis that buried . valleys or conduits underlie the area, It may be noted that ui~ average coefficient of_. transmissibility of the Snake River basalt underlying the Snake River Plain on the-1lorth side of the Snake River is about 8 million gpd per foot. A conduit. only a quarter of a mile w-ide, having a coe. fficient of transmissibility of 4 million gpd -per foot, would transmit 50 million gpd (56,Q,()0 acre-feet a year) under a hydraulic gradient of 50 feet per mile.
QUALITY OF WATER
Chemicar analyses of 26 samples of water from the area are shown in table 3. One sample waa.{_rom the Salmon River Canal Co. reservoil and another was from a spring in sec. 20, T. 14 S., R. 16 E. The rest are from wells in the area. All samples were moderately alkaline; pH values ranged from 7.2 to 8.5. Figure 4 shows the classification with respect to the salinity hazard and sodium (alkali). hazard, · of the waters sampled for irrigation. The method of assigning the various classes was developed by the t1. S. Salinity Laboratory Staff of the Department of Agriculture (1954) . It is based on electrical conductivity and the sodium-adsorptionratio. Electrical conductivity is an indication of the mineral content of a water and corresponds roughly to the value for dissolved solids. Waters ·are divided into four classes on the basis of electrical conductivity: low (C1, less than 250 micromhos per em), medium (C2, 250-750 micromhos per em). high (C3, 7 50-2,250 micromhos per em), and very high (C4, more than 2,250 micromhos per em). The sodium-adsorption-ratio (SAR) is a calculated value based on the sodium, calcium, and magnesium content of the water; it is related to the adsorption of sodium by the soil. It is defined by the equation:
.. I ca+2 + Mg+2 SAR "'\j,..,.. _ . . ---= --2 in which the concentrations are expressed in milliequivalents per liter. By this method of classification, all the samples tested were in the low sodium (alkali) hazard class (S1), but the salinity hazard ranged from class C1 to C4, or from low to very high. The water from the Salmon River Canal Co. reservoir, from the . one spring sampled, and from one well ( 12&-15E-35aal) were in ' class Cl. Most of the samp1es were in classes C2 and .C3 and one sample, from well 13&-16E-20aal between Hollister and Rogerson, was in class C4.
Water of class Sl can be used for irrigation on almost all soils with little danger of the development of parmful levels-or ~hange able sodium.
However, ·certain sodiumsensitive crops may accumulate injurious concentrations of sodium.
The United States Salinity Laboratory has ·described the significance of the various salinity classes (1954) . Low-salinity water (Cl) can beo used for irrigation of most crops on most soils--with little likelihood that a salinity problem will develop.
Medium-salinity water ( C2) can be used if a moderate amount of leaching occurs and if it is used on crops with moderate salt tolerance.
High-s<j~.linity water (C3) cq,nnot be used on soils · with restriCted drainage. Even with adequate drainage, special management for salinity control may · be required and crops with good salt tolerance should be selected.
'\, ~ryhigh salinity water (C4) is not suitable for irrigation under ordinary conditions but may be ~ed occassionally under very speCial circumstan..ces.
Special management practices for use of the high salinity ground water that is commo~_ in the are1 a require application in excess. of normal i~rigation requirements to provide for consiOerable leaching. The amount of such excess requirements depends on the permeability of the soil and drainage conditions but may range from 25 to 50 percent.
Residual sodium carbonate (RSC) is determined bythe _equation: RSC=(HC0 3 -+ C0 3 .;.)-( Ca ++ + Mg ++). ------56-6
:L_9 1-------------1, 780 8.0 C3, S1 70 ------- f33 -------6.8 .30 340 3.9 0 1,410 8.2 C3, S1
168 -------57
.16 514 2.0 0 1,480 7.7 C3, S1 6 1.9
.1 ------140 1.5 1.6 456 7.7 C2, S1
158 -------27
.28 508 .6 0 1,230 8.1 C2, S1
3 -------1.2 .10 128 1.7 +1.6 ' 448 8.3 C2, S1
"31 -------31 C2, S1 137 -------11
. 77 458 3.6 0 1,550 8.1 C3, S1 281 -------27
.20 703 2·.8 0 2,070 8.1 C3, S1 221 -------145
.24 698 2.4 0 1,800 8.1 C3, S1
6 -------1.2 .20 126 1.8 +~. 7 463 7.6 C2, · S1 354 -------227
.67 1,130 2.9 0 2,820 8.1 C4, S1 46 ,_------12 .18 310 2.0 ' +.01 879 8.5 C3, S1 ~ 32 -~---·---3.7 .17 126 1.0 0 405 . 7.7 C2, S1 11 -------L2 (1954, p. 81) state: "Water with more than 2. 5 meq per 1 (milliequivalents per liter) residual sodium carbonate is not suitable for irrigation purposes. Water containing 1.25 to 2.8 meq per 1 is marginal and water containing less than 1.25 meq per 1 is probably safe." According to this criteria, water from the artesian aquifer southeast ofHo)lister (wells 13~16E-1dc1, 12ab1 and 12~17E-31) might cause some soils to become alkali if used for irrigation.
Wells 13~16E-9bb1 and 20aa1, which are in the area of comparatively shallow ground water south of Hollister, contain too much boron (0. 30 to 0. 77 ppm) to be suitable for irrigation of crops that are sensitive to boron, but use of their water would have no ad·verse ·effect on crops normally grown in this area.
The excessively high nitrate content in samples from wells 11~16E-23ab1, 11~17E-9cd1, 1-2~16E-34bc1, 12~17E-18cc1, 13~ 15E-1cc1, 13~16E-7aa1, 9dc1, 10ba1 and 20aa1 may indicate contamination from organic materials. Such contamination would probably present no particular hazard if the water were used only for irrigation but such water does not meet standards of the U.S. Public Health Service for drinking water.
Water containing less than 60 ppm (parts per mill.fon) of hardness as calcium carbonate ( CaCOa) generally is considered soft. Only one of ,the 26 s.amples analyzed could be considered _ soft and 15 of the samples, containing from 221 to 1,127 ppm, would be considered very hard. Excessive hardness is especially objectionable for some domestic and industrial uses. Calcium and magnesium carbonate and silica form scale in boilers, hot water heaters, and w'ater pipes. might be determined, and more detailed quantitative studies then could be made.
